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SPECIFICATION 



SEMICONDUCTOR APPARATUS AND PRODUCTION 
METHOD THEREOF 



This Nonprovisional application claims priority under 
35 U.S.C. § 119(a) on Patent Application No. 2003/123773 
filed in Japan on April 28, 2003, the entire contents of 
which are hereby incorporated by reference. 

FIELD OF THE INVENTION 
The present invention relates to a semiconductor 
apparatus having a penetration electrode, and to a method 
for manufacturing the semiconductor apparatus. 

BACKGROUND OF THE INVENTION 
An electrode of a conventional semiconductor 
apparatus is typically arranged such that (i) a field oxide 
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film is formed on a surface of a semiconductor substrate, 
(ii) a metal pattern, in which a metal film of various types 
and an interlayer insulating film are layered, is formed on 
the field oxide film, and (iii) a protective film made of an 
oxide film or a nitride film is further formed on the metal 
pattern. If necessary, a second protective film made of 
polyimide may be further formed. In the protective film, an 
aperture is formed, and a metal electrode pad is formed so 
as to be exposed in the aperture. Wire-bonding or the like 
is carried out to the metal electrode pad so that the 
semiconductor apparatus can send/ receive a signal to/ from 
outside. 

In recent years, there has been a demand for a 
compact mobile apparatus having thinner and smaller size 
and higher performance. Accordingly, there has been a 
demand for making a semiconductor apparatus smaller, 
thinner, and lighter, and for having higher density. 

To meet the demands, proposed are (i) a multi-chip 
package, in which a plurality of semiconductor apparatuses 
are layered in a single package, and (ii) a 
three-dimensionally layered semiconductor apparatus. 

Of these conventional semiconductor apparatuses, a 
semiconductor apparatus, having a penetration electrode 
and having no electrically conductive lead or wire, is 
hopeful especially because of excellence in smallness. 
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thinness, lightness, and high-density. Such a penetration 
electrode is formed by forming a through-hole in a 
semiconductor substrate of the semiconductor apparatus, 
forming a conductor layer in the through-hole, and 
electrically connecting upper and bottom surfaces of the 
semiconductor substrate. 

This type of semiconductor apparatus having a 
penetration electrode is disclosed, for example, in Japanese 
Laid-Open Patent Application Tokukaihei 10-223833/1998 
(published on August 21, 1998), or in Japanese Laid-Open 
Patent Application Tokukaihei 11-345933/1999 (published 
on February 14, 1999), or the like. 

Described in the Japanese Laid-Open Patent 
Application Tokukaihei 10-223833/1998 is a structure and 
a method for manufacturing a multi-chip semiconductor 
apparatus. In each semiconductor chip of the multi-chip 
semiconductor apparatus, a penetration electrode is formed 
in an upper surface of the semiconductor substrate which 
includes a semiconductor element, and a thinning 
treatment is carried out with respect to the semiconductor 
substrate from a bottom surface of the semiconductor 
substrate so that the penetration electrode is exposed. A 
plurality of the semiconductor chips thus obtained are 
layered, thereby realizing the multi-chip semiconductor 
apparatus. 



.escHbed in *e Japanese Laid-Open Patent 
. Tokukaihei 11-345933/1999 is a multi-ch.p 

Apphcatxon ro.u.a.h ^,„„facturing 

semiconductor apparatus and a method 

the same. In the multi-chip semiconductor apparatus 
rant, o. semiconductor Chips, each ha.n. a pene^t.on 

,. - „f electrically conductive pastes, are 
electrode with the use of electrica y 

layered via gold bump electrodes, respectively. 

in each patent document, a plurality of 
semiconductor apparatuses are layered ^--^^^Z 
density, by using the respective penetration electrodes, 
without causing packaging area to enlarge. 

.s described above, in cases where a penetration 
e,.trode is formed in a semiconductor substrate iri whic a 
semiconductor element has already ''^^ 
penetration electrode is formed in a Held area of th 
Lbstrate. The Tield area indicates an area where 
semiconductor element is provided. 

Here, the following description deals with an example 
a semiconductor apparatus having a penetration 
...rode in a metal electrode pad, which is formed ni th^ 
semiconductor substrate and which serves as a„ 
.„put/output terminal, with reference to Kig. le through .ig. 

.s Shown in Fig. 16. in a semiconductor apparatus a 
„eld oxide film 10.. an insulating protective film 103. and a 



metal electrode pad 104 are formed on an upper surface of 
a semiconductor substrate 101. On a bottom surface of the 
semiconductor substrate 101, an insulating film 112 is 
formed. Further, formed is a penetration electrode 115 
penetrating the metal electrode pad 104, the field oxide film 
102, the semiconductor substrate 101 made of silicon, and 
the insulating film 112, respectively. Note that an 
insulating film 109 is formed between the penetration 
electrode 115 and the semiconductor substrate 101. 

Alternatively, as shown in Fig. 17, in order to form 
the penetration electrode, a semiconductor apparatus may 
be so arranged that a penetration electrode 115 is formed in 
a field area of the semiconductor substrate 101 and is 
connected to the metal electrode pad 104, which serves as 
an input/ output terminal of the semiconductor apparatus, 
via a connecting wire 121. 

Although a variety of methods for manufacturing the 
penetration electrode have been proposed, such methods 
include the following steps which are described below with 
reference to Fig. 18 and Fig. 19. 

As shown in Fig. 18, a mask 107, used for forming 
the penetration electrode, is formed above the 
semiconductor substrate 101, and then a part of the metal 
electrode pad 104 (the metal film 110) and a part of the 
field oxide film 102 are removed in this order by carrying 
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out the dry etching. Thereafter, a hole 106 is formed in the 
semiconductor substrate 101. 

Then, as shown in Fig. 19, an insulating film 109, 
made of an oxide film, a nitride film, an organic insulating 
material, or the like, is formed in the hole 106 so as to 
insulate the internal surface of the hole 106 formed in the 
semiconductor substrate 101. 

Subsequently, the hole is filled with a conductor, and 
the semiconductor is thinned by polishing and etching the 
bottom surface of the semiconductor substrate so that the 
conductor is exposed, thereby forming the penetration 

electrode 115. 

However, in the conventional penetration electrode, 
there are problems caused by the method for manufacturing 
as follows. 

As shown in Fig. 18,^ when a dry etching is carried 
out for forming the hole 106 in the semiconductor substrate 
101, overhang sections 108a through 108c are also formed. 
This is because of a side-etch occurred while the etching. 
The overhang sections 108a through 108c have a larger 
bore diameter, as they are nearer to the lower layer. Namely, 
the overhang sections 108c nearer to the field oxide film 
102 has the largest bore diameter, whereas the overhang 
section 108a nearer to the metal electrode pad 104 has the 
smallest bore diameter. 
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Specifically, as shown in Fig. 18, when the 
penetration electrode is formed in the metal electrode pad 
104, the metal electrode pad 104 is side-etched while the 
dry etching of the masks 107, thereby forming the overhang 
section 108a. Also, the field oxide film 102 is side-etched, 
thereby forming the overhang section 108b. Furthermore, 
the semiconductor substrate 101 is side-etched, thereby 
forming the overhang section 108c. That is, in the 
semiconductor substrate during the manufacturing steps, 
the overhang sections 108a through 108c are formed in an 
upside-down staircase manner in an upper part of the hole 
106 (on a side of the mask 107 of the semiconductor 
substrate 101). Also, in cases where the penetration 
electrode is formed in the field area, the field oxide film is 
side-etched while the dry etching of the mask, thereby 
forming an overhang section. Further, the semiconductor 
substrate is side-etched, thereby forming another overhang 
section. That is, the overhang sections are formed in like 
manner. 

Even though an anisotropic etching method such as 
the RIE (Reactive Ion Etching) method is utilized for a 
method of dry etching, a side-etch cannot be perfectly 
prevented. This is because it is difficult to realize a perfect 
anisotorpic etching, although it is possible for an etching 
rate to be much greater in a perpendicular direction than in 
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a horizontal direction. Particularly in cases where a hole 
has a depth falling within a range between several 
„,icrometers and several tens of micrometers, a side-etch 
under a field oxide film becomes too large to be ignored, 
thereby forming a large overhang section. 

Because the etching mask is removed in the end of 
the etching process, the side-etch underneath the etching 
masks causes no problem. However, the side-etches in the 
other layers (such as the metal film, the field oxide film, the 
semiconductor substrate, or the like) cause various 
problems. 

The first problem is that each coverage of the 
overhang sections deteriorates, when insulating the inside 
of the semiconductor substrate. On this account, it is 
difficult to perfectly insulate the inside of the hole, i.e., it is 
difficult to form the insulating film on the entire internal 

surface of the hole. 

There are many methods for forming the insulating 
film in the hole, for example, a CVD (Chemical Vapor 
Deposition) method, a spray-coating method in which liquid 
of an organic insulating film material is used for 
spray-coating, a spin-coating method in which liquid of an 
organic insulating film material is used for spin-coating, or 
the like. 

However, it is not realistic to utiUze the CVD method 
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film or a nitride film is 
„, even t.ou.h a. o.a «™ 

.v,^^ the oxide film or the nitn" 
rVD method, the u^s-i" 

ri sufficientl. the interhal surface of the .ole on th 

, of the overhang sections in addition to a 
account of the ^^^^ 

difficulty of forming a film 
^"""'^ ' . ^. 19 it is difficult to form the 

Therefore, as shown m Fig. 19, 

. fin. 109 under the existence of the 
sufficient insulating film 109 un 
overhang section 108C caused by side-etch. 

, difficult to form a sufficient insulating film 
It is also difticuu , ^ ^.u,. 

. ..e hole in cases where the spray-coating ntethod or the 

.Hod in both of which a liquid of an organ.c 
3,i„.coating »ethod .n ho ^^^^ 

.nsuiating »ater.al ts used ^ 

overhang sections prevent the .^ehole, 

• material from fuUy spreading into the hoi 
insulattng catena 

thereby making it difficult for 

. . ,wat it is difficult to form a 
The second problem is that it 

a- .He insulating film is formed, ^e. 01. ^^^^ 

indeed, the conductor can be formed 
,...g a conductor film by carrying out sputter. 

. Uion (ii) by carrying out plating, or (ui) Y 
vapor deposition, ujr 

lo^tricallv conductive paste. 
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formed by carrying out the sputtering or the vapor 
deposition, the conductive film is not sufficiently formed to 
the depth of the hole because of the overhang sections. Th,s 
is similar to the case of the forming of the insulating film in 
the hole. This arises a problem that electrical conduction of 
the penetration electrode is not ensured. 

Also, electrical conduction of the penetration 
electrode is not ensured in cases where a conductor is 
formed in the hole by carrying out the plating, because of 
the overhang section. This is because a chemical cannot 
fully spreading into the hole or cannot fully circulate in the 
hole. 

Also, electrical conduction of the penetration 
electrode is not ensured in cases where an electrically 
conductive paste is filled in the hole by carrying out a 
printing because of the overhang section. This is because 
the electrically conductive paste is not fully filled in the 
hole, thereby causing a void to remain in the hole. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide (i) a 
semiconductor apparatus including a penetration electrode 
which ensures an electrical conductivity and (ii) a method 
for manufacturing the semiconductor apparatus. 

To achieve the object, a semiconductor apparatus in 



(1 

- 11- 



.ccoManc. with the p.e.ent invention includes: (i, a 

..i— o. sut..t.ate; ,ii, a «eia o.i.e ^ ' J; 

Kofratp the field oxide tum 
surface of the semiconductor substrate, 

r;;\ cti f>lectrode formed on tne 
having an aperture secUon; (m) an electro 

L olide fii... and a penetration eiectrode e.ectr.a^ 
......ted to the eiectrode via the aperture sect.on of 

o^ide fiin. and via a ho.e formed in the semiconductor 
suhstrate, the ho.e heins formed in the aperture sec.on o 
the fieid oxide film, when perpendicu.ariy v.ewrng 
semiconductor substrate. 

According to the arrangement, no overhang of the 

semiconductor substrate. This ensures a good and des.ra e 
coverage in the hoie, thereb. providing a semiconductor 
Ipparls having a penetration eiectrode Which secures a 

.land desirabie eiectric conduction, incidentaiiy, when 
intending to form a penetration eiectrode rn^ a 

..e semiconductor apparatus has to be formed .n an 
.here no penetration eiectrode is formed. This causes a 

the semiconductor apparatus to be 
circuit design of ttie semi^ 

Ipiicated and space that the Circuit occupies to be bigger. 

. «rv according to the present apparatus, the 
On the contrary, accoramg 

. tion electrode is formed in the electrode pad as 
penetration eieciruva ,^v, a 

. V. thereby avoiding the occurrence of such a 
described above, thereoy «* 
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problem. 

To achieve the object, according to the present 
invention, a method for manufacturing a semiconductor 
apparatus that includes (i) a field oxide film formed in a 
surface of a semiconductor substrate, (ii) an electrode 
formed on the field oxide film, and (iii) a penetration 
electrode that penetrates the field oxide film and the 
semiconductor substrate, respectively, and that is 
electrically connected to the electrode, comprising the steps 
of: (a) forming an aperture section in the field oxide film so 
that the semiconductor substrate is exposed in the aperture 
section; (b) forming a hole in an area of the semiconductor 
substrate, the area being exposed in the aperture section of 
the filed oxide film; (c) forming an insulating film on an 
internal surface of the hole, and (d) forming an electrically 
conductive layer on the insulating film formed, the step (c) 
and (d) forming the penetration electrode. 

According to the method, since the hole is formed in 
the area of the semiconductor substrate, the area being 
exposed in the aperture section of the field oxide film, no 
overhang of the field oxide film is formed in the hole, 
thereby ensuring a good and desirable coverage of the 
insulating film and the electrically conductive film to be 
realized and formed in the hole. On this account, it is 
possible to form a semiconductor apparatus having a 
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penetration electrode which ensures good and desirable 
insulation and electrical conduction with respect to a 
semiconductor substrate. Incidentally, when intending to 
form a penetration electrode in a 

semiconductor-element-mounted area (active area), a circuit 
of the semiconductor apparatus has to be formed in an area 
where no penetration electrode is formed. This causes a 
circuit design of the semiconductor apparatus to be 
complicated and space that the circuit occupies to be bigger. 
On the contrary, according to the present method, the 
penetration electrode is formed in the electrode pad as 
described above, thereby avoiding the occurrence of such a 
problem. 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross sectional view showing a 

semiconductor apparatus of an embodiment in accordance 

with the present invention. 

Fig. 2 is a cross sectional view illustrating a step of a 

method for manufacturing the semiconductor apparatus of 
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th= embodiment of the present invention. 

Fig 3 is a cross sectional view illustrating another 
step of the method for manufacturing the semiconductor 
apparatus of the embodiment of the present invention. 

Fig 4 is a cross sectional view illustrating a further 
step o, the production method for manufacturing the 
semiconductor apparatus of the embodiment of the present 
invention. 

Pig 5 is a cross sectional view illustrating st.U a 
further step of the method for manufacturing the 
semiconductor apparatus of the embodiment of the present 

invention. 

Pig 6 is a cross sectional view illustrating a yet step 
„, the method for manufacturing the semiconductor 
apparatus of the embodiment of the present invention. 

Pig 7 is a cross sectional view illustrating yet 
another step of the method for manufacturing the 
semiconductor apparatus of the embodiment of the present 
invention. 

Pig 8 is a cross sectional view illustrating yet a 
further step of the method for manufacturing the 
semiconductor apparatus of the embodiment of the present 

invention. 

Pig 9 is a cross sectional view iUustratmg st.U 
another step of the method for manufacturing the 
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semiconductor apparatus of the embodimer^t of the present 

invention. 

Fig. 10 is a cross sectional view illustrating a 
modified example of the method of the semiconductor 
apparatus. 

Fig. 11 is a cross sectional view of a 
chip-size-package (CSP) exemplifying the modified example 
of the semiconductor apparatus. 

Fig. 12 is a cross sectional view illustrating a step of 
a method for manufacturing a semiconductor apparatus of 
another embodiment of the present invention. 

Fig. 13 is a cross sectional view illustrating another 
step of the method for manufacturing the semiconductor 
apparatus of another embodiment of the present invention. 

Fig. 14 is a cross sectional view illustrating a further 
step of the method for manufacturing the semiconductor 
apparatus of another embodiment of the present invention. 

Fig. 15 is a cross sectional view illustrating still a 
further step of the method for manufacturing the 
semiconductor apparatus of another embodiment of the 

present invention. 

Fig. 16 is a cross sectional view showing a 
semiconductor apparatus having a conventional penetration 
electrode. 

Fig. 17 is a cross sectional view showing another 
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semiconductor apparatus having a conventional penetration 
electrode. 

Fig. 18 is a cross sectional view illustrating a step of 
a method for manufacturing a semiconductor apparatus 
having a conventional penetration electrode. 

Fig. 19 is a cross section view illustrating another 
step of the method for manufacturing the semiconductor 
apparatus having the conventional penetration electrode. 

DESCRIPTION OF THE EMBODIMENTS 

[First Embodiment] 

The following description deals with a semiconductor 
apparatus of one embodiment of the present invention with 

references to figures. 

Fig. 1 is a cross sectional view of a semiconductor 
apparatus in accordance with the present embodiment. As 
shown in Fig. 1, in the semiconductor apparatus, indicated 
by a reference numeral 1 is a semiconductor substrate, 
indicated by a reference numeral 2 is a field oxide film, 
indicated by a reference numeral 3 is an insulating 
protective film, indicated by a reference numeral 4 is an 
electrode pad (electrode), indicated by a reference numeral 
9 is an insulating film for insulating an internal surface of a 
hole, indicated by a reference numeral 10 is a seed metal 
(electrically conductive layer), indicated by a reference 
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numeral 1 1 is a hole-filling section, indicated by a reference 
numeral 12 is an insulating film formed on a bottom 
surface of the semiconductor substrate 1, indicated by a 
reference numeral 13 is a rewiring metal layer (conductor 
layer), indicated by a reference numeral 14 is a protective 
layer (insulating layer) for protecting a rewired wire, 
indicated by a reference numeral 15 is a penetration 
electrode, and indicated by a reference numeral 16 is a 
lead-out electrode such as a solder ball. Note that a 
semiconductor element has already been provided on the 
semiconductor substrate 1. 

In the semiconductor apparatus of the present 
embodiment, as shown in Fig. 1, the field oxide film 2, the 
insulating protective film 3, and the electrode pad 4 are 
formed on an upper surface of the substrate 1 made of, for 
example, silicon. Further, in the semiconductor apparatus, 
the insulating film 12 is formed on the bottom surface of 
the substrate 1. Further formed is the penetration electrode 
15 that penetrates the electrode pad 4, the field oxide film 2, 
and the semiconductor substrate 1, respectively. Note that 
the penetration electrode 15 includes (i) the insulating film 
9, formed in the hole of the semiconductor substrate 1, for 
insulating the internal surface of the hole, (ii) the seed 
metal layer 10 formed on the insulating film 9, and (iii) the 
hole-filling section 11. 
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Specifically, the electrode pad 4 has an aperture 
section extending to the field oxide film 2 in the thickness 
direction. The field oxide film 2 formed on the 
semiconductor substrate 1 has an aperture section 
extending to the semiconductor substrate 1 in the thickness 
direction. The aperture section of the field oxide fUm 2 >s 
formed within an area of the field oxide film in the aperture 
section of the electrode pad 4. That is, when 
perpendicularly viewing from the side of the front face of 
the semiconductor substrate 1. the aperture section of the 
field oxide film 2 is formed within the aperture section of 

the electrode pad 4. 

Further, the electrode pad 4. which serves as an 
input/output terminal for the semiconductor element (not 
shown) provided on the semiconductor substrate 1, is 
formed on the field oxide film 2. The electrode pad 4 is 
„ade of metal such as Al. Cu, AlSi. or AlCu. The insulating 
protective film 3 is formed on the field oxide film 2 and the 
^ electrode pad 4 so as to protect the field oxide film 2 and 
the electrode pad 4. respectively. Formed in the aperture 
section of the field oxide film 2 is the hole that penetrates 
the semiconductor substrate 1 in its thickness direction. An 
edge of the hole is within an area in the aperture section of 
the field oxide film 2 of the semiconductor substrate 1. That 
is. when perpendicularly viewing from the side of the front 
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surface of the semiconductor substrate 1. the hole is formed 
within the aperture section of the field oxide film 2. Such 
an area the aperture section of the field oxide film 2 of the 
semiconductor substrate 1 is hereinafter referred to as a 
"penetration electrode forming area'. In the arrangement, 
when perpendicularly viewing from the side of the upper 
surface of the semiconductor substrate 1. the penetration 
electrode (hole) is formed within the area where the 
electrode pad 4 is formed. 

Further, the insulating film 9 is formed so as to cover 
the internal surface of the hole, the penetration electrode 
forming area, a part of the field oxide film 2, and a part of 
the electrode pad 4, respectively. That is. the electrode 
pad 4 has an area which is not covered with the insulat.ng 
film 9. The insulating film 9 and the electrode pad 4 
(including the area which is not covered with the insulating 
film 9) are covered with the seed metal layer 10. Further, 
the hole is filled with the hole-filling section 11. The 
insulating film 9, the seed metal layer 10, and the 
hole-filling section 11 constitute the penetration electrode 
15. The penetration electrode IS is electrically connected to 
the electrode pad 4 via the seed metal layer 10. 

Further, the insulating film 12 is formed on the 
bottom surface of the semiconductor substrate 1 for 
insulating the bottom surface of the semiconductor 
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substrate 1. Formed on the insulating film 12 is the 
rewiring metal film 13, which serves as a wiring pattern. 
The rewiring metal film 13 is electrically connected to the 
penetration electrode 15 via an aperture of the insulating 
film 12. Further, the protective film 14, which protects the 
insulating film 12 and the rewiring metal film 13, is 
provided on the insulating film 12 and the rewiring metal 
film 13, respectively. The protective film 14. has an aperture 
section extending to the rewire metal film 13 in the 
thickness direction. In the aperture section of the 
protective film 14, a solder ball 16, which serves as a 
lead-out electrode, is provided, the solder ball 16 being 
connected to outside via the aperture section of the 
protective film 14. 

The following description deals with a method for 
manufacturing the semiconductor apparatus of the present 
embodiment with reference to Fig. 2 through Fig. 9. 

First, a pre-processing step for forming an aperture 
section 5c in which a semiconductor substrate 1 is exposed 
is described with reference to Fig. 2. 

Formed in the vicinity of an electrode pad 4 are a 
field oxide film 2, and an insulating protective film 3. In the 
pre-processing step, an electrode pad exposing aperture 
section (an aperture section of the insulating protective 
film) 5a is formed in the insulating protective film 3 so that 
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the electrode pad 4 is exposed in the aperture. After that, in 
the electrode pad exposing aperture section 5a, a field oxide 
film exposing aperture section (an aperture section of the 
electrode pad (electrode)) 5b is formed in the electrode pad 
4 so that the field oxide film 2 is exposed. Further, in the 
electrode pad exposing aperture section 5a, a 
semiconductor substrate exposing aperture section (an 
aperture section of the field oxide film) 5c is formed in the 
field oxide film 2 so that a semiconductor substrate 1 is 
exposed. 

The pre-processing step can be easily done by 
carrying out a patterning beforehand so that the 
semiconductor substrate 1 is exposed in the electrode pad 4. 
This is similar to the forming of a dicing line during a step 
of forming a semiconductor element. Note that, when the 
aperture sections are not formed during the step of forming 
the semiconductor element, the aperture sections can be 
also easily formed as follows: after a resist mask is formed, 
etchings are carried out respectively to the insulating 
protective film 3, the electrode pad 4, and the field oxide 
film 2, in this order. 

For example, when the pre-process step is carried out 
to a semiconductor substrate 1 in which an electrode 
designed for wire-bonding is formed, the following steps are 
carried out. After an electrode pad exposing aperture 5a is 
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,„.„ed. a resist »as. having an apenure section is to^ed 
.„ electrode pad 4. The electrode pad 4 is ren>oved by 

exposing apenure section 5h. After that, the res.st 
.as. is ren-oved, and another resist mas. having an 
aperture section is forced on a fieid oxide mn> . in an area 
.Here the etching is carried out to the electrode pao , ..e 
„..de exposing aperture section 5h,. The field ox.de .ln> 
, is ren.oved by carrying out the dry etching, thereby 
a semiconductor substrate -P^'- -"'"^ 
section sc. After that, the resist n>as. is removed, and 
upper surface of the semiconductor substrate is exposed. 

^3 described above, even in a semiconductor 
substrate designed for wire-bonding, the ^ 

.,,„re 5c can be formed, although the 
substrate exposing aperture 5c can 

number of the steps required therefor increases. 

The following description deals with a step of torm.ng 
a hole 6 in the semiconductor substrate 1 with reference to 
Fig. 3 and Fig. 4. 

„as.c r having an aperture section in an area of the 
semiconductor substrate 1, the area being exposed .n the 
semiconductor substrate exposing aperture ^<=^ 
penetration electrode forming area,. After that, the hole 6 rs 
formed in the semiconductor substrate 1 by carrying out a 
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„oir 7 i«; removed as shown in 
dry etching, and the resist mask 7 is remo 



Fig. 4. 



A bore diameter of the hole 6 at an edge of the upper 
.urface of the semicor-ductor substrate 1 selected .n 
accordar>ce with a size of a penetratior> electrode to be 
forn.ed and/or a size of the sen^iconductor substrate 

The resist mask V nas a 
exposing aperture section 5c. The 

• „ rMit the drv etching of the 

thickness required for carrying out the dry 

K«tr«te 1 to a predetermined depth of the 
semiconductor substrate 1 to a p 

bole 6. The resist n.as. 7 car. be removed by a well-lcnowr. 
method such as a treatment using an organic solvent or an 

ashing treatment. 

The inventors of the present invention set (i) the bore 

f the aperture of the resist mask 7 to 
diameter of the aperiux 

.nH (ii^ the thickness of the resist mask to 
50-nm-square, and (u) tne tni^ 

An etching selection ratio of the resist mask 7 to the 
semiconductor substrate 1 made of silicon was about 1:15 
according to the dry etching apparatus that the present 

about 120.m, therefore, the thickness of the resist mask 7 
eould set to no less than 7.m. Actually, the thickness of the 

resist mask 7 was set to lOnm. 

A. the result, the hole 6 was successfully formed .n 
the substrate 1 as shown in Fig. 3. However, in the hole 6, 
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the resist mask 7 was slightly side-etched, so that a 
side-etched (overhang) section 8 was formed. The degree of 
a side-etching in the side-etched section 8 fell within a 
range between O.Sjxm and l^xm. Even when an anisotropic 
dry etching is adopted, the side-etch is inevitable when 
deep etching is carried out. In view of the side-etch, the 
bore diameter of the aperture section of the resist mask 7 
should be smaller than that of the semiconductor substrate 
exposing aperture section 5c. That is, the shortest distance 
between the perimeter of the aperture section of the resist 
mask 7 and the perimeter of the semiconductor substrate 
exposing aperture section 5c is preferably O.Spm, or more. 
More preferably, the shortest distance is l.O^im, or more. 

Thus, there is no overhang in the hole 6 in the 
semiconductor substrate 1, and the hole 6 has a slightly 
tapered shape in which the bore diameter becomes larger 
toward the edge of the hole 6. Note that a taper angle in a 
sidewall of the hole 6 can be controlled to some extent by 
controUing an etching condition. In this case, the taper 
angle was controlled to fall within a range from 85° to 90°. 
The taper in the hole 6 does not cause any trouble in the 
following process as long as the hole 6 does not have an 

inverse tapered shape. 

The following description deals with a step of forming 
a penetration electrode in the hole 6 in the semiconductor 
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3..s„a.e wUh .re.e„ce to PiB- 5 th.ou.K Pis- 7. .n ..e 
Lp a p.net.atio„ e>ec«ode .5 is to^ed by ™ an 

, 1 in and a hole-fiUmg 



order. 



.he step of for-ning the penetration e.ectrode.^at 
..e outset, tHe insu.atin, . U Cottned as shown in 
S THe insuiating m» . is fo.^ed .ot insu.atin. the .ntern • 
Lace or the hoie e in the sen>iconductot suhst.ate . 
: n the hoie is iatet HUed with an e.ect.caU. conductive 
:ie ot an insuiatin. paste, the insu.atin. . 

■y » of the electrically conductive paste or the 
i„pun«es the ,,„iconductor 
insulating paste from diffusing 

substrate 1. ^^^^^.^^ ^„ 

The Insulating film ^» oan 

H »s SiO. or a nitride film such as SiN or AIN 
oxide film such as S1O2, or a 

^1. A the vapor deposition, 
by utilizing the CVD method or the 

. fi«, Q can be formed by 
Alternatively, the insulating film 9 can 
forming a film made of an insulating material such as an 
lormiiis sorav-coating, 
insulating resin with the use of carrying out spr y 
. spin-coating, a printing, or a vacuum printing These 
lethods ensure the insulating film . to he well .rm , 

because there is no overhang section ^^2:::^^ 
upper surface Of the sem.on.u.or^ 

words, in an upper area of the hole 
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about how to utilize the vacuum printing will be described 



later. 



Here, a method tor forming an oxide film made of 
SiOa by carrying out the CVD method is described as an 
example of forming the insulating film 9. 

When the CVD method is carried out for forming an 
oxide film, the semiconductor substrate 1 is biased so as to 
draw SiO. into the hole 6, thereby forming the insulating 
film 9. Note that thickness of the insulating film 9 in the 
hole 6 falls within a range from 1/3 to 1/5 thinner than 
thickness of the oxide film on the semiconductor substrate 

1. 

The inventors of the present invention formed an 
oxide film whose thickness is 3um on the semiconductor 
substrate 1. thereby ensuring an insulating film 9, whose 
thickness falls within a range from 0.5,m to 0.6Mm, to be 

formed in the hole 6. 

unnecessary part of the insulating film 9 on the 
electrode pad 4 is removed by carrying out an etching or the 
Uke. so that the electrode pad 4 is exposed. This secures a 
connection between a penetration electrode 15 to be formed 
and the electrode pad 4. The unnecessary part of the 
insulating film 9 may be removed, for example, as follows. 
A resist mask covering (i) the entire insulating film 9 in the 
hole 6. and (ii) a part of the electrode pad 4 is formed. After 
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,H area in the insulating film 9 is removed by 
that, an exposed area 

carrying out a dry etching or the l.ke. 

, removed, thereby forming the insulat.ng mm 9 ti^at 
covers (i, the interna, surface of the ho.e 6 .n . 
semiconductor substrate 1, (ii, the part of the 
c, the semiconductor substrate 1 which is exposed .n the 
semiconductor substrate exposing aperture section oc, ,^ 

•J 9 in the field oxide film 

the part of the field oxide film 2 in tn 

and (iv) a part of the electrode 
exposing aperture section 5b, and (iv) p 

pad 4, respectively. 

Subse,uentiy, a seed metai iayer ,e.ectr.caiiy 
conductive iayer, 10 is formed on the insulating film . as 

.rming a conductor such as Ti. Cu. M. or Cu.. w.th th 
use of the sputtering method, the vapor depos.t.on m th d 
CVO method, or the plating method. A.ternativeiy, the 

conductive material such as an electrically conductive pa. 
.ith the use of the spray-coating, the spin-coat.ng, he 

tion in an area near the upper surface of the 
overhang section in an are 

semiconductor substrate 1 - in other words, in an upp 
area of the hole e. Therefore, the seed metal layer 10 
ensures an electrical conduction between the upper and 
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bottom surfaces of the semiconductor substrate 1. Also, 
when the hole 6 is later filled with an electrically conductive 
paste or an insulating paste, the seed metal layer prevents 
impurities of the electrically conductive paste or the 
insulating paste from diffusing in the semiconductor 
substrate 1. 

The inventors of the present invention formed a Ti 
layer and a Cu layer as the seed metal layer 10 by utilizing 
the sputtering method, the sputtering being carried out 
with respect to the upper surface of the semiconductor 
substrate 1. On the upper surface of the semiconductor 
substrate 1, the Ti layer having a thickness of O.^m and 
the Cu layer having a thickness of 0.3um are formed, 
respectively. On the internal surface of the hole 6, the Ti 
layer and the Cu layer each having a thickness of around 
1/3 to 1/5 of the Ti layer and the Cu layer on the upper 
surface of the semiconductor substrate 1. 

Then, as shown in Fig. 7, the hole-filling section 11 is 
formed in the hole 6 where the insulating film 9 and the 
seed metal layer 10 are formed. The hole-filling section 11 
is formed, for example, by applying an electrolytic plating to 
the hole 6, filling the hole 6 with an electrically conductive 
paste or an insulating paste, or the like. 

Here, details about forming a hole-filling section 11 
made of Cu by applying electrolytic Cu plating are described 
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as an example of forming the hole-filling section 11. 

A resist mask having an aperture is formed so that 
the seed metal layer 10 is exposed in the aperture. After 
that, electrolytic Cu plating is applied, thereby forming the 

hole-filling section 11. 

After the hole-filling section 11 is formed, the resist 
mask is removed, and the hole-filling section is used as 
another mask. The seed metal 10. formed by the Ti layer 
and the Cu layer that have been exposed, are removed by 
carrying out an etching with the use of a chemical. On this 
account, the structure of the semiconductor apparatus 

shown in Fig. 7 is obtained. 

It takes a long time for the electrolytic Cu plating to 
fill the hole 6 completely without any void. Therefore, in 
light of short-time processing, it is preferable to fill the hole 
6 by printing an electrically conductive paste, thereby 
forming the hole-filling section 11. Furthermore, in cases 
where the seed metal 10 has a thin thickness (like the T, 
layer of O.l.m and the Cu layer of O.S.m) as described 
above, a resistance of the penetration electrode becomes 
high because of thin seed metal 10. Therefore, by filUng the 
bole 6 with an electrically conductive paste so that the 

1 1 i« fnrmed it is possible to reduce the 
hole-filling section 1 1 is lormea, n i!> p 

resistance of the penetration electrode. 

In cases where a resistance is necessary and 
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• t.nre being obtainable by forming an 
sufficient, such a resistance being 

f ..nt less than Ijim based on 
Al layer having a thickness of not less 

. ethod or other method, it is not necessary 
the sputtering method or oxn 

. . hole filling section U. However, note 
to separately form a hole filling 

..at it is preferable to form the hole-filling section U by 
L the hole e With an insulating paste so that the hole^e 

, .enforced. That is. the hole-filling section .1 auo„ 
_ngth Of the penetration electrode to increase, and l ows 
..strength Of the semiconduct.appar.us.^ 

Further, it is preferable that 
eonauctive paste ar.. the ir^su.atin. paste are printea h 
using the vacuum printirrg n^ethod. The vacuum pr.nt.ag 
:;:hoaer>suresthepastestohen..e.evenina.inutea.a 

""te vacuum pr.tir.g.ethcainc,uae. the steps oMi, 

printing a paste materia, in a hoie ana pushing the pa.e 
priniins f drawing the 

het.een the insia . t. h.e a ~ 
- the ai«. pressure g^^ 

increasing pressure after J 
obtainea after the printing may be h.gher 

^ in the vacuum printing 
pressure. The degree of vacuum m the 
lethoa norma,, fai.s within a range from 3Pa 

to 666. 6Pa. It is 

3.9kPa. ana preferab,y from 13.3Pa 
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preferable that the degree of viscosity of the paste material 
normally falls within a range from 20Pa s to 200Pa s. 

Especially in cases where a paste material is filled in 
a hole having a large aspect ratio, it is possible to fully fill 
such a hole with the paste by carrying out the vacuum 
printing more than once. This permits avoiding that the 
bottom part receives insufficient amount of paste. 

The following description deals with a post-process 
step of causing the penetration electrode 15 to be 
electrically connected to the bottom surface of the 
semiconductor substrate 1, with reference to Fig. 8 and Fig. 
9. Well known methods can be used for the post-process 
step. An example of the conventional methods is described 
here. 

First, a penetration electrode is exposed by grinding 
the bottom surface of a semiconductor substrate 1 as 
shown in Fig. 8. The grinded surface may be improved by 
polishing or etching in accordance with the need. 

The inventors of the present invention had set the 
depth of the hole 6 (the length of the penetration electrode 
15) to 120jim. Therefore, the inventors of the present 
invention grinded the bottom surface of the semiconductor 
substrate 1 until thickness of the semiconductor substrate 
becomes 100|Lim, thereby allowing the penetration electrode 
15 to be exposed. 
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• fim 12 is formed on the polished 
Then, an insulaUng 12 ^^^^ ^ 

f .he semiconductor substrate 
bottom surface of the sem 

^ . «^r, the penetration electrou 
.eaUase between th P ^^^^^^ ^^^^^^^^^^ 

semiconductor substr te . P ^ ^ ^^^^^^^ ^^^^ ^^^^ 
12 may be an oxide film such as . ^^^^ 
_ ... MN that are formed based on C 

aa ox.. r-, io mav be lormcLi -j, 

• , the insulating 12 m^y 

Alternatively, the msu 

^oitn or by other methods. 

Thereafter, an dp ,^^trode 15 is 

12 so that the penetration electrode 
insulating film 12 ^^^^^^3. A 

exposed. The aperture section wiU be for 

. the insulating film 12, an 
resist mask is formed on the ^^^^ 

«f the insulating film 12 
aperture secuon of ^^^^^^^^ ^^^^ 

^i,t a dry etching to tne 
carrying out penetration 

— ''^^ ^b To'r^ed in a pboto step witb 

" tbrinsuiatin. fiim . U made of a 

ease, in cases where penetration 

-tt; i::::!; u.per s^face of t. 

electrode IS is c P ^^^^^^ ^^^^^^^ 

semiconductor subs ra ^^^^^^^^^^^^ ^^^^^^^^^ ^^^^ 

semiconductor substrate ^^^^^.^^ 
each otber. Note that, in cases wher an^ ^^^^^^ 
,susedfortheboie.fiUin.sect.on:i^an 

exposed. 
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subsequently, as shown in Fig. 9, carried out is a 
rewiring step of forming a iead-out electrode for the 
penetration electrode 15. In the rewiring step, a rewinng 
n.etal layer (conductor layer, 13 is tor,ned on the insu.aung 
flln. 12. and then, an insulating layer 14 is formed on the 
rewiring metal layer 13. After that, an aperture, in wh.ch 

the rewiring metal layer 13 is exposea, - 

insulating layer 14. Finally, formed is a lead-out electrode, 
such as a solder ball, which is connected to the rewiring 
metal layer 13 exposed in the aperture (see Fig. 1). On th.s 
account, in the bottom surface of the semiconductor 
substrate 1. the semiconductor apparatus can be 
electrically connected to outside via the penetration 
electrode 15. the rewiring metal layer 13, and the lead-out 
electrode. Note that a patterning of the rewiring metal layer 
13 allows the lead-out electrode to be formed in an arbitrary 
position in the bottom surface of the semiconductor 
substrate 1. 

Alternatively, a lead-out electrode (input/output 
terminal) 16 such as a solder ball may be formed directly to 
the penetration electrode 15 without forming the rewiring 
metal layer 13, as shown in Fig. 10. 

AS described above, according to the method for 
manufacturing the semiconductor apparatus, the 
penetration electrode 15 can be formed in the 
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semiconductor substrate 1. In the penetration electrode 15, 
there is no overhang ot the field oxide film 2 in the aperture 
section of the hole formed in the upper surface of the 
semiconductor substrate 1. thereby ensuring the insulating 
film 9 and the seed metal layer 10 to be formed on the 
internal surface of the hole. That is. in the semiconductor 
apparatus, the insulating film 9 ensures an insulation of 
the penetration electrode 15 from the semiconductor 
substrate 1. Further, the seed metal layer 10 ensures an 
electrical conduction between the upper and bottom 
surfaces of the semiconductor substrate 1. Therefore, the 
insulating Mm 9 and the seed metal layer 10 allow the 
penetration electrode 15 to have higher reliability. 
Furthermore, the penetration electrode IS is formed so as 
to penetrate the electrode pad 4, thereby allowing the 
semiconductor apparatus to be downsized. In cases where 
the penetration electrode 15 is formed in a 
semiconductor-element-mounted area (active area), a circuit 
of the semiconductor apparatus has to be formed in an area 
where the penetration electrode 15 is not formed. This 
causes a circuit design to be complicated, and causes space 
that the circuit occupies to be bigger. On the contrary, no 
such problems occur by forming the penetration electrode 
IS in the field area, especially in the electrode pad 4 as 
described above. 
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The following description deals with an example of a 
ehip-si«-package ,CSP, sen^iconductor apparatus, which .s 
...ricated in accordance with the aforementioned n^ethod 

, . • „ » semiconductor apparatus, with 
for manufacturing a semicoi 

reference to Fig. 11- 

1 1 in the CSP semiconductor 
As shown in Fig. U. 

A of the semiconductor 
apparatus, an electrode pad 4 of t 

» tn a lead-out electrode 16 via a 
apparatus is connected to a lead 

penetration electrode 15 and a rewiring metal layer 13, 
.hereby allowing the CSP semiconductor apparatus to be 
dramatically compact and thin. The method ensures the 
,„od and desirable formation of the penetration electrode, 
.hereby realizing a CSP semiconductor apparatus, whose 
.i.e is the actual si.e of the chip, without using any wires. 
That is. a lead-out wire has been provided via a wire in a 
conventional semiconductor apparatus. On the contrary, in 
the CSP semiconductor apparatus, as is clear from Fig. 11. 
i„ the upper surface of the semiconductor apparatus, the 

^ a lead-out electrode, is provided 
solder ball 16, served as a leaa ou 

via the penetration electrode 15. On this account, the size 
M the CSP semiconductor apparatus is the actual size of 

'"^Further, a high-density multi-chip module can be 

i;4-,r nf the CSP semiconductor 
realized by layering a plurality of the Cb 

apparatuses. 
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[Second Embodiment) 

The following description deaU with another 
embodiment of the present invention with reference to the 
figures. For convenience of description, materials having 
the same functions as those shown in the drawings 
pertaining to the foregoing First Embodiment will be given 
the same reference symbols, and explanation thereof will be 
omitted here. In the present embodiment, a penetration 
electrode is formed in a different area from the area where 
the penetration electrode is formed in the First Embodiment. 
The present embodiment shows an example of the following 
semiconductor apparatus. According to the apparatus, a 
penetration electrode is formed in a field area of a 
semiconductor substrate on which a semiconductor element 
is provided, and the penetration electrode is connected to 
an electrode pad which serves as an input/ output terminal. 
Note that the word -field area" means an area, where no 
semiconductor element is provided, in the upper surface of 
the semiconductor substrate. 

The following description deals with a method for 
manufacturing a semiconductor apparatus of the present 
embodiment with reference to Fig. 12 through Fig. 15. 

Shown in Fig. 12 is a typical structure of periphery of 
an electrode pad on a semiconductor substrate. A field 
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oxide film 2 is formed on a semiconductor substrate 1. On 
the field oxide film 2, an electrode pad 4 is formed. On the 
field oxide film 2 and the electrode pad 4, an insulating 
productive film 3 is formed. Further, in the insulating 
protective film 3, an aperture section, in which the 
electrode pad 4 is exposed, is formed. In the insulating 
protective film 3, an aperture section, in which the field 
oxide film 2 is exposed, is also formed. Further, in the field 
oxide film 2. an aperture section, in which the upper 
surface of the semiconductor substrate 1 is exposed, is 
formed so as to expose. The aperture section in the field 
oxide film 2 is an area 5 where a penetration electrode is 
formed. As described above, in the present embodiment, no 
field oxide film exposing aperture section is formed in the 
electrode pad 4, unlike in the First Embodiment, and the 
electrode pad 4 is formed in a different area from the 
penetration electrode forming area 5. 

Note that the semiconductor substrate exposing 
aperture section (the penetration electrode forming area 5) 
and the field oxide film exposing aperture section can be 
easily formed by carrying out a patterning beforehand in a 
similar manner to a manner in which a dicing line is formed 
in a step of forming a semiconductor element. When the 
semiconductor substrate exposing aperture section (the 
penetration electrode forming area 5) and the field oxide 
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film exposing aperture section are not formed in the 
semiconductor element forming step, the aperture sections 
can be formed as follows. After a resist mask is formed, 
etchings are sequentially carried out to the insulating 
protective film 3 and field oxide film 2. respectively. 

As shown in Fig. 13, in the method for manufacturing 
a semiconductor apparatus of the present embodiment, 
formed is a resist mask 7 having an aperture section in the 
penetration electrode forming area 5 of the semiconductor 
substrate shown in Fig. 12. A thickness of the resist mask 7 
is not limited to a specified one as long as the resist mask 7 
is thick enough for forming a hole having a predetermined 
depth, the hole being formed by carrying out a dry etching 
or the like. After that, a hole 6 is formed by carrying out a 
dry etching or the like. A bore diameter of an aperture of 
the hole 6 in the upper surface of the semiconductor 
substrate 1 can be set to such a size as to be suitable for (i) 
a size of a penetration electrode to be formed, and/or (ii) a 
size of the penetration electrode forming area 5. 

The inventors of the present invention formed the 
hole 6 so as to set (i) the bore diameter of the aperture of 
the resist mask 7 to lO-^xm-square, and (ii) the thickness of 
the resist mask 7 to 7j.m. As described in the First 
Embodiment, an etching selection ratio of the resist mask to 
the semiconductor substrate 1 made of silicon was about 
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115 in the dry etching apparatus that the preserrt inventors 
used. Here, a target depth of the etching was set to about 
70Mm, therefore the thickness of the resist maslc 7 should 
be not less than S^m. In this case, the thickness of the 
resist mask 7 was set to 7.m. The semiconductor substrate 
1 is slightly side-etched while the dry etching of the res.st 
„.ask 7 (a side-etched section 8a). According to the 
measurement, the length of the side-etched section 8a fell 
within a range from 0.3^m to l.m. In contrast, there is no 
side-etched section formed in the semiconductor substrate 
1 while the dry etching of the oxide film 2. 

subsequently, the resist mask 7 was removed as 
shown in Fig. 14. After that, an oxide film (an insulating 
film 91 made of SiO. was formed by utilizing the CVD 
method so as to insulate the inside of the hole 6. the 
insulating film 9 being formed in a similar manner to the 
First Embodiment. The insulating film 9 is ensured to be 
formed in good and desirable conditions because there is no 
overhang section of the field oxide film 2 in the aperture 

section of the hole 6. 

The inventors of the present invention formed an 
oxide film whose thickness is l.S^m on the upper surface of 
the semiconductor substrate 1. This allows the oxide film 
whose thickness falls within a range from 0.3Mm to O.S^m 
to be formed on the internal surface of the hole 6, the oxide 
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mm serving as the insulating film 9. 

subsequently, the oxide tihn formed on the electrode 
pad 4 and the insulating protective film 3 that require no 
oxide film is removed so that a connection is secured 
between the electrode pad 4 and the penetration electrode 
to be later formed. It is possible to remove the oxide f.lm 
from the electrode pad 4 and the insulating protective 1.1m ^, 
respectively, for example, as follows: A photo resist is 
formed, and an exposure and a development are carried out. 
and then, a dry etching is carried out with respect to the 
oxide film. That is. the insulating film 9 is formed by 
carrying out a dry etching to the upper surface of the 
semiconductor substrate 1 excluding (i) the field oxide film 
2 which is exposed in the field oxide film exposing aperture 
section, (ii) the upper surface of the semiconductor 
substrate 1 which is exposed in the semiconductor 
substrate exposing aperture section, and (iii) the inside of 
the hole 6. After the dry etching, the photo resist .s 
removed. 

subsequently, as shown in Fig. 15. an electrically 
conductive layer 19 is formed so as to ensure an electncal 
connection between the penetration electrode and the 
electrode pad 4. the electrically conductive layer 19 
extending to the electrode pad 4 from the inside of the hole 
5 Note that the electrically conductive layer 19 ts a 
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constituting component of the penetration electrode. 

The electrically conductive layer 19 can be formed, 
for example, as follows: An Al layer is formed in the upper 
surface of the semiconductor substrate 1 by utilizing the 
sputtering method. Thereafter, a patterning is carried out to 
the Al layer by etching the Al layer so that the Al layer .s 

J A ^rViioVi Rf^rves as an 

connected to the electroae -x - 

input/output terminal, thereby forming the electrically 
conductive layer 19, The electrically conductive layer 19 is 
ensured to be formed in good and desirable conditions 
because there is no overhang sectioh of the field oxide film 
2 in the aperture section of the hole 6, the aperture section 
of the hole 6 being formed in the upper surface of the 
semiconductor substrate 1. 

subsequently, a hole-tilling section 20 is formed by 
filling the hole 6 with an electrically conductive paste, 
thereby forming the penetration electrode. That is, the 
electrically conductive paste can be filled in the hole 6 by W 
forming a screen mask that has an aperture so that the hole 
6 is exposed, and (ii) printing the electrically conductive 
paste with the use of screen mask. In cases where the 
electrically conductive layer 19 gives an appropriate 
resistance to the penetration electrode, the hole-tilling 
section 20 is not necessarily provided. However, even m 
such cases, it is preferable to fill the hole 6 with an 
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like so as to form the hole-tilling 
insulating paste or the like so 

section 20. This allows the hole-fiUing section to 

... desirable penetration electrode can he reaUzed. 

,He present emhodiment, it is possih.e to print the 
conductive paste in the hole e without „ 

4.^ TViat is no vuiu. lo 
air in the electrically conductive paste. 

,,„ed in the electrically conductive paste 
ohtaining a good and desirahle penetration electrode- 

The inventors o, the present invention formed an Al 
.Kose thickness was l.m in the ^'^^Z 
.^.conductor suhstrate 1 ^ —! 

method, the Al film serving as the electr.ca 
wr 19. on this occasion, the Al film formed the 

. of the hole 6 has a thickness tailing in a 
internal surface ot the hole 

1 /Sum The thickness of the Al mm 
ranee from l/Spm to l/5Mm. 

range / „r.t to function 

appropriately as the electrically conductive layer 
Teretore, an electrically conductive paste .0 was t^e n 
,,e hole 6 hy carrying out a vacuum printing ther hy 
torming a penetration electrode. In this case the o 
could not he nUed hy carrying out the printing one t^m 

u 1. ft was longer than the width 
because the depth of the hole 6 was long 

, tv,^ printing was carried out four or 
of the hole 6, therefore the printing 



five times. 
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The similar process steps to the First Embodiment 
can be applied to the subsequent steps in the Second 
Embodiment. 

According to the method for manufacturing the 
semiconductor apparatus, it is possible to form the 
penetration electrode in the semiconductor substrate. Since 
there is no overhang of the field oxide film in the aperture 
section of the hole formed in the upper surface of the 
semiconductor substrate 1, it is possible to provide the 
semiconductor apparatus having the highly-reliable 
penetration electrode which ensures (i) electrical insulation 
from the semiconductor substrate, and (ii) electrical 
conduction to the electrode pad. 

According to the present invention, in a 
semiconductor apparatus, an electrode pad is formed on an 
oxide film on the upper surface of a semiconductor 
substrate, a penetration electrode is formed so as to bridge 
the upper surface and the bottom surface of the 
semiconductor substrate, and the electrode pad and the 
penetration electrode are connected with each other. 
Because the penetration electrode is formed within an 
aperture section of the field oxide film on the upper surface 
of the semiconductor substrate, it is possible to eliminate 
any overhang formed in the upper area of the aperture 
section where the penetration electrode is formed. This 
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allows good and desirable coverage of an insulating film and 
an electrically conductive film to be realized and formed in 
the penetration electrode. This ensures a hole-filling section 
to be sufficiently formed, thereby obtaining a highly-reliable 
penetration electrode. 

Further, when the vacuum printing method is 
adopted so as to form the insulating layer and the 
electrically conductive layer in the inside of the penetration 
electrode, it is possible to realize the good and desirable 
coverage of the insulating film and the electrically 
conductive film, and it is also possible to form a better and 
desirable hole-filling section without any void even in a 
small hole whose width is lOjim. On this account, a 
dramatically highly-reliable penetration electrode can be 
obtained. 

The present invention is not limited to the foregoing 
respective embodiments, but may be altered within the 
scope of the claims. An embodiment based on any 
combination of technical means disclosed in different 
embodiments is encompassed in the technical scope of the 
present invention. 

To solve the foregoing problems, a semiconductor 
apparatus of the present invention includes (i) a 
semiconductor substrate; (ii) a field oxide film formed in a 
surface of the semiconductor substrate, the field oxide film 
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having an aperture section; (iii) an electrode formed on the 
field oxide film; and (iv) a penetration electrode electrically 
connected to the electrode via (a) the aperture section of the 
field oxide film and (b) a hole formed in the semiconductor 
substrate, the hole being formed in the aperture section of 
the field oxide film, when perpendicularly viewing the 
semiconductor substrate. 

According to the arrangement, no overhang of the 
field oxide film is formed in the hole formed in the 
semiconductor substrate. This ensures a good and desirable 
coverage in the hole, thereby providing a semiconductor 
apparatus having a penetration electrode which secures a 
good and desirable electric conduction. Incidentally, when 
intending to form a penetration electrode in a 
semiconductor-element-mounted area (active area), a circuit 
of the semiconductor apparatus has to be formed in an area 
where no penetration electrode is formed. This causes a 
circuit design of the semiconductor apparatus to be 
complicated and space that the circuit occupies to be bigger. 
On the contrary, according to the present apparatus, the 
penetration electrode is formed in the electrode pad as 
described above, thereby avoiding the occurrence of such a 
problem. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
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preferable that the penetration electrode is formed in a field 
area of the surface of the semiconductor substrate. 

Note that the word "field area" means an area where 
no semiconductor element is formed in the semiconductor 
substrate. According to the arrangement, the penetration 
electrode allows the semiconductor apparatus to 
appropriately function. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
preferable that the electrode has an aperture section and 
the penetration electrode is connected to the electrode in 
the aperture section of the electrode. 

According to the arrangement, since the penetration 
electrode is connected to the electrode in the aperture 
section of the electrode, it is possible to reduce an area 
where the penetration electrode is formed, thereby 
downsizing the semiconductor apparatus. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
preferable that the aperture section of the field oxide film is 
formed in the aperture section of the electrode, when 
perpendicularly viewing the semiconductor substrate. 

According to the arrangement, no overhang of the 
electrode is formed in the aperture section of the field oxide 
film, thereby realizing and forming a penetration electrode 
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having a good and desirable coverage in the aperture 
section of the field oxide film. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
preferable that the penetration electrode includes an 
insulating film formed on an internal surface of the hole. 

According to the arrangement, the insulating film, is 
formed in the hole having no overhang, thereby ensuring a 
good and desirable coverage in the hole. The insulating film 
permits electrical insulation of the penetration electrode 
with respect to the semiconductor substrate, accordingly. 
Further, for example, in cases where an electrically 
conductive paste or an insulating paste is filled in the hole 
of the penetration electrode, the provision of the insulating 
film prevents an impurity of the electrically conductive 
paste or the insulating paste from dispersing in the 
semiconductor substrate. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
preferable that the penetration electrode includes an 
electrically conductive layer on the insulating film that is 
formed on the internal surface of the hole. 

According to the arrangement, the electrically 
conductive layer is formed in the hole having no overhang, 
thereby providing a good and desirable coverage in the hole. 
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On this account, this electrically conductive layer secures 
electrical conduction in the penetration electrode. 
Incidentally, in cases where an electrically conductive paste 
or an insulating paste is later filled in the hole of the 
penetration electrode, the electrically conductive layer can 
prevent impurities of the electrically conductive paste or the 
insulating paste from dispersing in the semiconductor 
substrate. 

In addition to the arrangement of the semiconductor 
apparatus in accordance with the present invention, it is 
preferable that the penetration electrode includes a 
hole-filling section formed in the hole. 

According to the arrangement, since the provision of 
the hole-filling section avoids that the hole is void, it is 
possible to improve the strengths of the penetration 
electrode and the strength of the semiconductor apparatus, 
respectively. Note that the hole-filling section may be made 
of an insulating material or an electrically conductive 
material. When the hole-filling section is made of an 
electrically conductive material, the electrical conduction in 
the penetration electrode can become better and more 
desirable. 

In view of the foregoing problem, according to the 
present invention, a method for manufacturing a 
semiconductor apparatus that includes (i) a field oxide film 
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formed in a surface of a semiconductor substrate, (ii) an 
electrode formed on the field oxide film, and (iii) a 
penetration electrode that penetrates the field oxide film 
and the semiconductor substrate, respectively, and that is 
electrically connected to the electrode, comprising the steps 
of: (a) forming an aperture section in the field oxide film so 
that the semiconductor substrate is exposed in the aperture 
section; (b) forming a hole in an area of the semiconductor 
substrate, the area being exposed in the aperture section of 
the filed oxide film; (c) forming an insulating film on an 
internal surface of the hole, and (d) forming an electrically 
conductive layer on the insulating film formed, the steps (c) 
and (d) forming the penetration electrode. 

According to the method, since the hole is formed in 
the area of the semiconductor substrate, the area being 
exposed in the aperture section of the field oxide film, no 
overhang of the field oxide film is formed in the hole, 
thereby ensuring a good and desirable coverage of the 
insulating film and the electrically conductive film to be 
realized and formed in the hole. On this account, it is 
possible to form a semiconductor apparatus having a 
penetration electrode which ensures good and desirable 
insulation and electrical conduction with respect to a 
semiconductor substrate. Incidentally, when intending to 
form a penetration electrode in a 
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semiconductor-element-mounted area (active area), a circuit 
of the semiconductor apparatus has to be formed in an area 
where no penetration electrode is formed. This causes a 
circuit design of the semiconductor apparatus to be 
complicated and space that the circuit occupies to be bigger. 
On the contrary, according to the present method, the 
penetration electrode is formed in the field area, especially 
in the electrode pad as described above, thereby avoiding 
the occurrence of such a problem. 

In addition to the method of the semiconductor 
apparatus, it is preferable that the step (c) includes the step 
of (e) printing an insulating material under a certain air 
pressure so that the hole is covered, and then increasing 
the air pressure more than, the certain air pressure so that 
a film made of the insulating material is formed on the 
internal surface of the hole. 

According to the arrangement, since there is no 
overhang in the hole and the vacuum printing is adopted, it 
is possible to form an insulating film that has better and 
more desirable coverage. Further, even in cases where the 
hole is very small, the adoption of the vacuum printing 
ensures a film made of insulating material to be formed, 
thereby securing a good and desirable insulating film to be 

formed in the hole. 

In the method for manufacturing the semiconductor 
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apparatus of the present invention, it is preferable that the 
vacuum printing step is repeated more than once. 

According to the method, by repeating the vacuum 
printing more than once, it is possible to form a film made 
of an insulating material in the hole without forming any 
void. 
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apparatus of the present invention, it is preferable that the 
step (d) includes the step of (f) printing an electrically 
conductive material under a certain air pressure so that the 
hole is covered, and then increasing the air pressure more 
than the certain air pressure so that a film made of the 
electrically conductive film is formed on the internal surface 
of the hole. 

According to the method, since there is no overhang 
in the hole and the vacuum printing is adopted, it is 
possible to form an electrically conductive film that has 
better and more desirable coverage. Further, even in cases 
where the hole is very small, the adoption of the vacuum 
printing ensures a film made of an electrically conductive 
material to be formed, thereby securing a good and 
desirable electrically conductive film to be formed in the 
hole. 

In the method for manufacturing the semiconductor 
apparatus of the present invention, it is preferable that the 
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vacuum printing step is repeated more than once. 

According to the method, by repeating the vacuum 
printing more than once, it is possible to form a film made 
of an electrically conductive material in the hole without 

forming any void. 

In addition to the steps of the method, it is preferable 
to further include the step of (g) forming a hole-filling 
section in the hole, the step (g) including the step of (h) 
printing an insulating material or an electrically conductive 
material under a certain air pressure so that the hole is 
covered, and then increasing the air pressure more than the 
certain air pressure so that the hole is filled with the 
insulating material or the electrically conductive material. 

According to the method, since there is no overhang 
in the hole and the vacuum printing is adopted, it is 
possible to fill the hole with the insulating material or the 
electrically conductive material without forming any void. 
Further, even in cases where the hole is very small, the 
vacuum printing ensures a film made of an insulating 
material or an electrically conductive material to be formed, 
thereby permitting of filling the insulating material or the 
electrically conductive material in the hole. It is possible to 
form a good and desirable hole-filling section. 

In the method for manufacturing the semiconductor 
apparatus of the present invention, it is preferable that the 
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step (h) is repeated more than once so as to fill the hole 
with the insulating material or the electrically conductive 
material. 

According to the method, by repeating the vacuum 
printing more than once, it is possible to fill the hole with 
the insulating material or the electrically conductive 
material without forming any void. 

The embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details of 
the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 
patent claims set forth below. 



